INTRODUCTION
Proper maturation of spermatozoa released from the testis is chiefly occurred in the epididymis and absolutely required for successful male reproduction. Depending on morphological and functional characteristics, the epididymis is divided into initial segment (IS), caput epididymis, corpus epididymis, and cauda epididymis (Cosentino & Cockett, 1986) . The epithelium of the IS is composed of several cell types, including principal, basal, and halo cells, which are frequently found throughout the entire epididymis (Robaire & Hermo, 1988) . However, the epithelial layer also has narrow and apical cells that are exclusively present in the IS (Robaire & Hermo, 1988) . Several researches have demonstrated that the luminal composition of the IS is distinguishable from the other parts of the epididymis (reviews in Robaire & Hermo, 1988) . In addition, distinct epithelial localization of enzymatic molecules indicates that the function of the IS would be different from the rest of the epididymal region (Adamali & Hermo, 1996) . Together, these observations imply that functional regulation of the IS is likely controlled by a different manner from other epididymal parts.
Precisely regulated coordination among cells is absolutely required to maintain functions of a tissue. Specially, direct interaction between neighboring cells is important in the functional regulation of mammalian tissues, including the male reproductive organs (Pointies et al., 2005) . There are three different types of direct cell-cell interactions, such as cadherin-based adhesion, occluding-based attachment, and connexin (Cx)-based gap junction (Pointies et al., 2005) .
Of these, only Cx-based gap junction allows direct exchange of intracellular exchange of signal molecules between cytoplasm of adjacent cells (Goodenough et al., 1996) . The gap junction is a complex of two homo-or heteromeric hemichannels, which each hemichannel is consisted of six Cxs (Cyr, 2011) . More than 20 Cx isoforms in mammals have been identified up to date (Meşe et al., 2007) . Several researches have demonstrated the presence of Cxs in the male reproductive tract (Cry, 2011; Lee, 2013; Seo et al., 2010) . Segment-specific expression of Cxs in the epididymis during postnatal development has been reported . Our previous study showed the expression of 8 Cxs, including Cx30.3, 31, 31.1, 32, 37, 40, 43, and 45,  in the IS during postnatal period (Seo et al., 2010) . Expressional levels of some Cxs are generally high at puberty and adulthood, while others have shown the highest expression at prepubertal age (Seo et al., 2010) . Expression of Cx32 and 37 in the IS during postnatal period is fluctuated (Seo et al., 2010) (Dubé et al., 2012) . However, more detailed examination has not been attempted to reveal expressional regulation of Cx genes in the IS.
It is well known that the epididymis is steroid hormoneresponsive tissue. There is no doubt that the function and structure of epididymis are chiefly under the regulation of androgens (Robaire & Hamzeh, 2011) . In addition, there are growing numbers of evidence of demonstrating the effect of estrogens on the regulation of epididymal functions (Joseph et al., 2011) . Such effects of androgens and estrogens on the epididymis are exerted by modulating the expression of various genes associated with structural and functional regulation of the epididymis (Joseph et al., 2011; Robaire & Hamzeh, 2011 ). Yet, the effect of steroid hormones on expression of Cx genes in the IS has not been thoroughly studied. As mentioned earlier, our previous research shows the existence and differential expressional patterns of several Cx isoforms in the IS during postnatal development (Seo et al., 2010) . Thus, in the present study, we attempted to show if neonatal treatment of flutamide, an anti-androgen, or estradiol benzoate, an estrogen agonist, gives an influence on the expression of Cx genes in the IS of adult rat. 
MATERIALS AND METHODS

Collection of tissue and isolation of total RNA
Once sexually mature at 4 months of age, the animals were anesthetized by CO 2 stunning and the reproductive tract was exposed through an incision on lower abdomen.
The reproductive tract was placed in cold PBS, and the epididymis was carefully dissected out from the rest parts of the reproductive tract. The IS was separated from the epididymis and washed a couple of times in fresh cold PBS before freezing in liquid nitrogen. The IS was stored in -80 o C until used for total RNA isolation. In total, 31 male rats were used for the present research, including
Flu-H (n=6).
To isolate total RNA from the tissues, frozen IS was first homogenized in easy-Blue total RNA extraction solution (iNtRON Biotech, Sungnam, S.Korea) with a polytron homogenizer (Fisher Scientific, Pittsburgh, PA). Then, using phenol-chloroform extraction method, a pellet of total RNA was collected and resuspended in DEPC-treated dH 2 O.
Qualitative evaluation of isolated total RNA was carried out with gel electrophoresis, and the amount of total RNA was acquired by quantitative analysis with an UV spectro- 
Cx : connexin; Ppia : peptidylprolyl isomerase A (cyclophilin A).
photometer (Eppendorf, New York, USA). The total RNAs were stored in -80 o C until utilized for cDNA generation.
cDNA generation and quantitative real-time PCR analysis
The first strand of cDNA was generated from 1 mg of total RNA, using oligo-dT primer and ImProm-II 
Statistical analysis and data presentation
The RT reaction and PCR were independently quadruplicated to get a mean and a standard error for each experimental group. Experimental results are present in relative ratios of expression between Ppia and Cx isoform. Statistical comparisons of gene expression levels among experimental groups of each treatment were carried out by one-way ANOVA, followed by a post-hoc analysis, Duncan'test.
When P value was lower than 0.05, the result was considered as statistically significant. (Fig. 1a) .
RESULTS
Expression of
A treatment of low-dose Flu caused no significant change in Cx30.3 mRNA level in the IS, even though a high-dose Flu treatment at 1 week of age resulted in a significant elevation of Cx30.3 expression in the adult IS (Fig. 1a) .
Expressional level of Cx31 in the adult IS was not affected by low-dose EB treatment at 1 week of age (Fig. 1b) . But, a treatment of high-dose EB led to a significant decrease of Cx31 transcript level (Fig. 1b) . In contrast with Cx31, a treatment of low-dose Flu caused a significant decrease of Cx31 expression, while there was no change on Cx31 mRNA level by high-dose Flu treatment (Fig. 1b) .
2. Expression of Cx31.1 and Cx32 genes in the initial segment of adult rat treated with estradiol benzoate or flutamide at 1 week of postnatal age A significant increase of Cx31.1 mRNA level in the adult IS was observed with a treatment of low-dose EB at 1 week of age (Fig. 2a) . However, a treatment of high-dose EB didn't give an influence on gene expression of Cx31.1 (Fig. 2a) . Expression of Cx31.1 gene in the adult IS was significantly decreased by low-dose Flu treatment at 1 week of age, while no significant change of Cx31.1 transcript level was detected with a treatment of high-dose Flu (Fig.   2a) . A treatment of high-dose EB resulted in a significant decrease of Cx32 transcript abundance, but expression of Cx32 gene was not changed with low-dose EB treatment (Fig. 2b) . A significant drop of Cx32 mRNA level was detected in low-dose Flu-treated group (Fig. 2b) . Compared with that of control, expressional level of Cx32 gene in Flu-treated group at a high dose was significantly increased (Fig. 2b) 3. Expression of Cx37 and Cx40 genes in the initial segment of adult rat treated with estradiol benzoate or flutamide at 1 week of postnatal age
There was no significant impact on gene expression of Cx37 in the adult IS by treatments of EB at 1 week of age (Fig. 3a) . A significant decrease of Cx37 mRNA level was found in low-dose Flu-treated group (Fig. 3a) . A treatment of high-dose Flu at 1 week of age resulted in a significant increase of Cx37 expressional level, compared with that of control (Fig. 3a) . Similarly, expression of Cx40 gene was not modulated by treatments of EB (Fig. 3b) . No significant change of Cx40 gene was observed with a treatment of low-dose Flu (Fig. 3b) . However, expression of Cx40 gene was significantly increased by a treatment of high-dose Flu (Fig. 3b) . A significant increase of Cx43 mRNA level was detected in low-dose EB-treated group (Fig. 4a) . Expression of Cx43 gene was further significantly increased by a treatment of high-dose EB (Fig. 4a) . Similar expressional changes of Cx43 gene were observed with Flu treatment (Fig. 4a) .
Expression of Cx43 and
Treatment of low-dose EB didn't result in a significant change of Cx45 gene expression, while a significant decrease of Cx45 mRNA level was induced by a treatment of high-dose EB (Fig. 4b) . In the other hand, expression of Cx45 gene was significantly decreased by a treatment of low-dose Flu, but was not affected by a treatment of highdose Flu (Fig. 4b) . 
DISCUSSION
